Introduction
============

In the field of medical sciences which was used in the present study, primary infertility refers to a condition in which couples have never been able to conceive a child after one year of unprotected intercourse ([@b1-ijph-41-54], [@b2-ijph-41-54]). In demography, the term of primary infertility describes the proportion of childless women of reproductive age. From epidemiological point of view, the definition of primary infertility is based on "trying for" or "time to" a pregnancy among the women exposed to conception ([@b3-ijph-41-54]).

In study by Larson, using the question "How long have you tried to get pregnant?" is recommended in epidemiological and demographic studies of infertility using primary data ([@b3-ijph-41-54]). However, this question could not appropriately address the necessary information about the population at risk of pregnancy, which consist of sexually active, noncontracepting and nonlactating women. Individuals have different perception about "the ability to conceive", "the duration of time they have tried to become pregnant", "regular sexual activity" and usually forget to report previous abortions and stillbirths. The validity and reliability of such general self-reporting questions should be assessed and it seems this method is subject to recall bias.

In addition, infertility is a cultural sensitive issue. Incorrect information about induced and spontaneous abortion, stillbirth, abstinence from sexual relations, separation and divorce can affect the accuracy of the results. Therefore, the collection of reliable data for this subject should explicitly address these issues.

The general definition of infertility have been explained in many references such as NHS 2004 and WHO report 2000 ([@b4-ijph-41-54], [@b5-ijph-41-54]). These references introduce a formal definition of infertility and mention some limitations of this definition. They did not explain an applied way of data collection strategy that can minimize these limitations. For example, WHO report has mentioned this indicator is cultural sensitive, compromised by misclassification and is subject to response bias. However, these general definitions could not address the researcher need in a real survey and an applied data collection strategy is necessary.

Gurunach et al. suggested that differences in the definition of infertility and population exposed to the risk of infertility can causes selection bias which is a typical challenge in prevalence studies ([@b6-ijph-41-54], [@b7-ijph-41-54]). Remarkable differences in terms such as "duration of attempt for pregnancy", "the age of sampled women" or "their marital or cohabitation status" lead to inconsistency in determining the numerator and denominator used to estimate infertility rate.

In several studies findings has been presented without any precise explanation of population at risk or infertility measurement method ([@b8-ijph-41-54]--[@b15-ijph-41-54]). In an article by Guzic and Swan ([@b16-ijph-41-54]), analyzing Chandra and Stephan Study ([@b17-ijph-41-54]), suggested that underestimation of infertility in the United States is a consequence of methodological limitations.

Reproductive calendar including birth date, pregnancies, not--live--birth pregnancy terminations and use of contraceptive methods was applied in 15 of the 47 surveys carried out in DHS comparative report. Although these approaches are appropriate to calculate infertility rate, details of data collection and calculation method have not been indicated ([@b18-ijph-41-54]). Likewise, in the study of Bhattacharya et al. the history of fertility was used as data collection method and the infertility rate was calculated based on different definitions. Nevertheless the method of calculation and referring to the history is not clear enough ([@b19-ijph-41-54]).

Lack of uniformity for the method of calculating primary infertility rate; hampers comparative studies between populations and over time. For example, primary infertility rate of Iranian couples has been reported 8% -- 24.9% due to different method of data gathering. So, it seems introducing a precise method to determine the population exposed to infertility is a priority to study the primary infertility rate ([@b20-ijph-41-54], [@b21-ijph-41-54]). The present study aimed to introduce an applied data collection strategy with the minimum amount of bias to assess the primary infertility rate and make a consistent methodology for the future researches.

Methods
=======

The proposed methodology for assessing infertility rate has been designed and applied by Avicenna Research Institute (ARI) in an Iranian national survey. Sampling was conducted based on probability proportional to size cluster method. The data collection process was started in late 2010 and was mainly completed at the end of 2011. In this survey, after reviewing the former studies, the reproductive history was used as a basis for data collection. Based on an experts committee every reproductive event including marriage, contraception, contraceptive discontinuation, pregnancy, childbirth, abortion, infertility treatment, ending infertility treatment (discontinuation for any reason), separation (spousal abandonment for more than one year) and even divorce were specified. Each event was recorded with a code and a date in the questionnaire. A pilot study was conducted to ensure the transparency of queries and accuracy of responses. Afterwards, the reproductive history of 17000 married women of the ages 20--40 were recorded. This targeted group was chosen with the aim of avoiding recall bias.

Based on primary infertility rate definition, the number of infertile women represents the numerator and the population exposed to the risk of pregnancy represents the denominator. Defining infertile women and measuring continuous exposure to the risk of pregnancy over a period of one year is difficult and detailed information about reproductive history is necessary. The representativeness of primary infertility rate will be compromised if there is any selection bias either in the numerator or in denominator of this indictor.

To explain the proposed method for calculating primary infertility rate, a flowchart was designed to pursue the individuals' reproductive behavior after marriage ([Fig. 1](#f1-ijph-41-54){ref-type="fig"}). Using contraceptive was the first question that was asked to follow the reproductive history in this flowchart. The arm *I* entails women who have not use contraceptive and the arm *II* are women who have used it after marriage. In the arm *I*, women were categorized in two group based on the duration of time from the marriage. If the duration is less than one year, the data should be discarded from the study because these women have the opportunity to get pregnant until one year. For noncontracepting women whose duration of time from marriage is more than one year the first event during the first year were asked. This event could be pregnancy, seeking treatment, no pregnancy, divorce and separation. If the next event is pregnancy, the woman is considered fertile. If a treatment is initiated during this period, the individuals are divided into fertile and infertile groups based on the occurrence of pregnancy in the first year. Those seeking treatment women who have not become pregnant in the first year after marriage were considered infertile. However, the fertility status of seeking treatment women who become pregnant in the first year remains unknown. Indeed potentially infertile women may become pregnant following treatment. In this situation, sensitivity analysis should be applied so that analysis is performed with and without information of this group in the numerator and the real infertility rate falls between these calculated values. Since infertile couples usually seek treatment at the end of the first year and the probability of fertility for these subjects in the first year are negligible, all seeking treatment couples were considered infertile and the number of these couples was used in numerator and denominator of primary infertility rate. It is noteworthy to mention that the accuracy of this assumption was assessed in this national survey and slight difference in the results of sensitivity analysis confirmed this assumption. In the future studies, interested researchers can assess the accuracy of this assumption similarly. Also, all women in "no pregnancy" group were considered infertile. Furthermore, the women who divorced or lived apart from their husband in the first year have been excluded from the denominator because they are not exposed to the risk of fertility for a period of one year. Since divorce or separation were occurred in the first year and the couples still has the opportunity to become pregnant, it doesn't seem the infertile women were more likely to be divorced or separated. Therefore, exclusion of these subjects from the study produces no bias.

The arm *II* of the flowchart devoted to women who have used contraceptives after marriage. The first event could be contraceptive discontinuation, separation, divorce and unintended pregnancy. Women whose first event after contraception was separation or divorce were discarded because they were not exposed to the risk of pregnancy. The couples who discontinued contraception were categorized in two groups. If the duration of time from contraceptive discontinuation is less than one year, the data should be excluded from calculation of primary infertility rate because no judgment is acceptable about their fertility status. Otherwise, their subsequent event after contraceptive discontinuation was asked. If pregnancy occurs during the first year, the women are considered fertile. Similar to the reasons that were explained for the arm *I*, all seeking treatment women were considered infertile. If pregnancy does not occur during the first year after contraceptive discontinuation, the women are considered infertile. Likewise, women who has divorced or separated in the first year after contraceptive discontinuation were excluded from denominator since they were not at risk of fertility for a period of one year.

As indicated in the flowchart, unintended pregnancy is one of the events that can occur after using contraception. This group usually should have used ineffective contraceptive methods. It should be noted unintended pregnancy is a subgroup of ineffective contraceptive cohort while the infertile subgroup of this cohort will not be distinguished easily. Although, some part of this infertile subgroup will appear in box A*~II~* (no pregnancy) and B*~II~* (seeking treatment), it seems the major part of them will continue using contraceptives or have not experienced at least one year after contraceptive discontinuation (and as a result they will be discarded from calculations). Therefore, both including and excluding unintended pregnancy in the denominator of primary infertility will impose biases but in two different directions. We believe that excluding this group will cause less bias than including them. But as a sensitivity analysis, the interested researcher can consider both of these decisions to check the variability of results.

Note that for simplicity only important situations were considered in this study. It is possible to extend this method to consider other situations, but this extension will complicate the results. In summary, the following formula was used in the calculation: $$\mathit{Primary}~\mathit{Infertility}~\mathit{Rate} = \frac{A_{I} + B_{I} + A_{II} + B_{II}}{A_{I} + B_{I} + C_{I} + A_{II} + B_{II} + C_{II}}$$Where A*~I~*, B*~I~*, C*~I~*, A*~II~*, B*~II~*, C*~II~* were defined in the flowchart. Indeed the numerator of these fraction consist of the number of individuals in "no pregnancy" and "seeking treatment" groups as the first event after one year of unprotected intercourse and the denominator consist of individuals in "no pregnancy", "seeking treatment" and "pregnancy" groups as a first event after one year of unprotected intercourse. Although at the first glance this is a simple formula, the logic that was used in determining its numerator and denominator is very important and usually this scrutiny is ignored in other available data collection strategies.

Result
======

There are many factors influencing the infertility rate calculation. Hence, our focus in current paper is only to explain the methodological aspects and corresponding flow-chart specifically to minimize common biases in such studies. With this prerequisite paper, there is indeed no need to explain this method in the future papers where we would like to focus on the results and analyses of the infertility rate calculations.

Conclusion
==========

Infertility is a key criterion to measure the health. It is essential for health care providers to know the prevalence of infertility, assess the need for treatment and indentify the causes of infertility. The increasing use of assisted reproductive techniques (ARTs) and growing number of infertility clinics necessitate a thorough evaluation of infertility and its causes in the country. To achieve this goals the accurate calculation of primary infertility rate is significantly important.

Unfortunately some definitions of primary infertility are too general to precisely determine infertile women and the population exposed to the risk of fertility. Defining the population at risk of infertility is difficult and without extra details, it is not possible for responder or even interviewers to find the true answer.

As mentioned in introduction, lack of uniformity for the method of calculating primary infertility rate hamper comparative studies between populations and over time. Although, some of the differences may be justifiable due to the effect of time, sampling and physiological changes; but it seems the main reasons are related to the methods of data collection and information analysis.

In the present study, using the reproductive history was recommended as an appropriate data collection method for calculating this rate. In this method all possible events is explicitly defined and infertile women and the population at risk of infertility is precisely determined. So, this method is more accurate than other alternatives. The other advantage of this method is classification of subjects in different groups. The researcher has the opportunity to adjust the calculation based on available information about each of these groups; In situations where correct diagnosis of infertility is not possible, this method offers a sensitivity analysis that considers different possible scenarios and shows the variability of results across this scenarios. Therefore, the proposed method can minimize the usual biases and is recommended for applying in the future prevalence studies.
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